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Abstract 



| : PROBLEM TO i BE SOLVED: To obtain a new construction^ effect i 

\ : \ material Jncl udihg its base layer having a high MR change r^ 

having a magnetic field inversion layer of a low coercive force, by using a base layer composed by laminating 

a Zr layer and a Cu layer in this order, 
li SOLUTION: The laminated-film 

\ substrate. A Zr layer 2 is formed on the Si substrate, and a Cu layer 3 is formed on the Zr layer 2. The Zr layer 
i|;2 and the C u ; layer 3 constitute a base layer 1 . On the Cu layer 3, a CoFe layer as a ferromagnetic layer 4 is 
formed on the Cu layer 3, and on it a Cu layer as a conductive layer 5 is formed On the conductive layer 5, a 
CoNiFe layer as a ferromagnetic layer 6 is formed on the conductive layer 5, and moreover on it an IrMn layer 
has an antimagnetic layer 7 is formed. Consequently, it becomes possible ifoi obtain a magnetoresistance^ 
ii material having a high MR change rate and uniaxial anisotropic magnetic field, and having a magnetic 
inversion layer of a low coercive force as well 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a spin bulb type magnetoresistance-effect material which 
has the structure which carried out the laminating of a ferromagnetic layer, a conduction layer, a ferromagnetic layer, and the 
antiferromagnetism layer in this sequence especially about magnetoresistance-effect material. 
[0002] 

[Description of the Prior Art] As the magnetic head used for a hard disk (HDD), the magnetoresistance-effect type (MR) head 
attracts attention in recent years. An MR head is a head which detects change of an external magnetic field by change of 
conductivity, has high magnetic field sensitivity compared with the conventional induction-type magnetic head, and can attain 
high-density record-ization. As a magnetoresistance-effect material used for such an MR head, conventionally, 3d 
transition-metals alloys, such as a permalloy, are adopted, and the signal is detected by the change in the resistance corresponding 
to change of the magnetization direction (anisotropy magnetoresistance effect : AMR). 

[0003] However, a huge magnetoresistance-effect (GMR) type magnetoresistance-effect material which shows resistance rate of 
change high 1 figure compared with this conventional AMR is found out, and attracts attention recently. Generally GMR material 
has the multilayer structure which carried out the laminating of a ferromagnetic layer and the nonmagnetic conduction layer, and 
three kinds of material systems called (1) antiferromagnetism combination type, (2) coercive-force difference type, and (3) spin 
bulb type are known. 

[0004] Spin bulb type MR material has the structure which carried out the laminating of a ferromagnetic layer, a conduction layer, 
a ferromagnetic layer, and the antiferromagnetism layer, and an antiferromagnetism layer combines with one ferromagnetic layer 
magnetically, and it is carrying out the pin stop of the magnetization of this ferromagnetic layer. For this reason, the anti-parallel 
magnetization state is stable in the latus magnetic field field, and it considers as MR material near utilization highly 
magnetic-reluctance rate of change ] from the place where magnetic field sensitivity is high. 
[0005] 

[Problem(s) to be Solved by the Invention] In such a spin bulb type MR material, in order to obtain high magnetic field detection 
sensitivity, MR rate of change and a uniaxial-anisotropy magnetic field (Hua) are high, and it is desirable for the coercive force 
(He) of a magnetic field reversal (free) layer to be low, and various examination is made from such a viewpoint. 
[0006] However, about the ground layer of such a spin bulb type MR material, sufficient examination is not made and 
examination of magnetoresistance-effect material including the ground layer which shows outstanding MR property is not fully 
released. 

[0007] The purpose of this invention has MR rate of change and a uniaxial-anisotropy magnetic field in offering the new structure 
which includes the ground layer of a low spin bulb type magnetoresistance-effect material of the coercive force of a magnetic field 
inversion layer highly. 
[0008] 

[Means for Solving the Problem] The magnetoresistance-effect material of this invention is a spin bulb type 
magnetoresistance-effect material which has the structure which carried out the laminating of a ferromagnetic layer, a conduction 
layer, a ferromagnetic layer, and the antiferromagnetism layer in this sequence on the ground layer, and is a 
magnetoresistance-effect material characterized by using the ground layer which carried out the laminating of Zr layer and the Cu 
layer in this sequence as a ground layer. 

[0009] The cascade screen of Zr layer used as a ground layer in this invention and Cu layer is prepared so that the ferromagnetic 
layer of the lower part whose Cu layer is a magnetic field inversion layer may be touched. Therefore, the ground layer in this 
invention is formed as a ground layer of the free ferromagnetic layer which has not been combined as magnetically as an 
antiferromagnetism layer. As for especially the thickness of Zr layer and Cu layer, it is desirable that it is about 5- 1 5nm as the 
whole ground layer although not limited, and, as for Cu layer, it is desirable that it is thickness 3nm or less. Moreover, especially 
the formation method of Zr layer and Cu layer is not limited, and can be formed by the general thin film formation methods, such 
as the sputtering method, a vacuum deposition method, and C VD. 

[0010] It is not limited especially if the ferromagnetic layer used for the magnetoresistance-effect material of this invention is a \ 
layer formed from the ferromagnetic, and ferromagnetic layers, such as a NiFe layer, Co layer, a CoNiFe layer, and a CoFe layer, \ 
are mentioned. Generally the thickness of a ferromagnetic layer is about 1 -1 Onm. J 
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[001 1] The conduction layer used for the magnetoresistance-eflfect material of this invention is non-magnetic material, and 
especially if excelled in conductivity, it is not limited, and Cu layer, Ag layer, etc. are mentioned. Generally the thickness of a 
conduction layer is about l-5nm. 

[0012] what will be limited especially if the antiferromagnetism layer used for the magnetoresistance-eflfect material of this 
invention is a layer formed from the antiferromagnetic substance - it is not - for example, a FeMn layer, an IrMn layer a NiMn 
layer, etc. a NiO layer and a CoO layer, and Fe 203 etc. - an oxide system antiferromagnetism layer etc. is mentioned Generally 
the thickness of an antiferromagnetism layer is about 5-25nm. 

[0013] Although the magnetoresistance-eflfect material of this invention is generally formed on a substrate, it is not limited 
especially if the quality of the material of a substrate is nonmagnetic, and substrates, such as Si, TiC, aluminum 203, and glass, 
are used. 

[0014] According to this invention, MR rate of change and a uniaxial-anisotropy magnetic field can consider as a spin bulb type 
magnetoresistance-eflfect material with the low coercive force of a free layer highly using the ground layer which carried out the 
laminating of Zr layer and the Cu layer in this sequence by carrying out the laminating of a ferromagnetic layer, a conduction 
layer, a ferromagnetic layer, and the antiferromagnetism layer in this sequence on this. By using the cascade screen of Zr layer and 
Cu layer as a ground layer, it is the above-mentioned book. Zr layer raises the wettability of a substrate and Cu layer, promotes 
growth of a closest packing side, a stacking tendency is controlled, Cu layer formed on it has fee structure, the crystal structure of 
the ferromagnetic layer formed on it is controlled, and it is thought that good MR property is given to MR cascade screen. 
[0015] 

[Embodiments of the Invention] Drawing 1 is the cross section showing the magnetoresistance-eflfect material of one example 
according to this invention. The cascade screen of the magnetoresistance-eflfect material shown in drawing 1 is formed on the 
substrate, and is formed on Si substrate by this example. On Si substrate, the Zr layer 2 (6.5nm of thickness) is formed, and the 
Cu layer 3 (1 .5nm of thickness) is formed on the Zr layer 2. The ground layer 1 consists of a Zr layer 2 and a Cu layer 3. On the 
Cu layer 3, the CoFe layer (5nm of thickness) as a ferromagnetic layer 4 is formed, and Cu layer (2.5nm of thickness) as a 
conduction layer 5 is formed on it. On the conduction layer 5, the CoNiFe layer (3nm of thickness) as a ferromagnetic layer 6 is 
formed, and the IrMn layer (1 5nm of thickness) as an antiferromagnetism layer 7 is further formed on it. 
[0016] Drawing 2 is drawing showing MR curve (curve which shows the change to the external magnetic field of MR ratio) of 
the magnetoresistance-eflfect material of this example shown in drawing 1 . MR ratio is 4.8% and the coercive force (He) of a free 
layer is 30e. 

[0017] As comparison, the laminating of the cascade screen of the ferromagnetic layer 4 same on it, the conduction layer 5, the 
ferromagnetic layer 6, and the antiferromagnetism layer 7 was carried out using Ta layer (8nm of thickness) as a ground layer 1 
shown in drawing 1 , and MR property was evaluated about the obtained magnetoresistance-eflfect material. Drawing 3 shows 
MR curve of the obtained magnetoresistance-eflfect material. Although MR ratio is as high as 5. 1 %, it is understood that the 
coercive force (He) of a free layer is as large as 90Oe(s), and small. [ a uniaxial anisotropy (Hua) ] 

[00 1 8] Furthermore, using Zr layer (8nm of thickness) as a ground layer 1 shown in drawing 1 , as comparison, the cascade 
screen of the ferromagnetic layer 4 same on it, the conduction layer 5, the ferromagnetic layer 6, and the antiferromagnetism layer 
7 was formed, and a comparative magnetoresistance-eflfect material was obtained. Drawing 4 is drawing showing MR curve of 
the obtained magnetoresistance-eflfect material. Although the coercive force (He) of a free layer is 150e(s) and a uniaxial 
anisotropy (Hua) is also in practical use level, it turns out that MR ratio is as low as 2.8%. 

[0019] According to this invention, by using Zr layer / Cu layer as a ground layer shows that can raise MR ratio and a uniaxial 
anisotropy (Hua), and can make coercive force (He) of a free layer low, and the magnetic field sensitivity as a 
magnetoresistance-eflfect material improves remarkably so that clearly from the above thing. 

[0020] Drawing 5 is the cross section showing the magnetoresistance-eflfect material of other examples according to this 
invention. The magnetoresistance-eflfect material shown in drawing 5 is also formed on Si substrate. The Zr layer 12 is formed on 
Si substrate, and the Cu layer 13 is formed on it. The ground layer 1 1 consists of a Zr layer 12 and a Cu layer 13. On the ground 
layer 1 1, the CoFe layer (5nm of thickness) as a ferromagnetic layer 14 is formed, and Cu layer (2.5nm of thickness) as a 
conduction layer 1 5, the CoFe layer (3nm of thickness) as a ferromagnetic layer 1 6, and the IrMn layer (1 5nm of thickness) as an 
antiferromagnetism layer 17 are further formed on it. In this example, Zr layer (4nm of thickness) is further formed as a protective 
layer 18 on the IrMn layer 17. 

[0021] In this example, the magnetoresistance-eflfect material to which the thickness of the Cu layer 13 in the ground layer 1 1 was 
changed in 1.0-3.5nm was formed, those MR ratios and coercive force (He) were measured, and the influence of thickness was 
investigated. Moreover, the thing 1 1 whose thickness of the Cu layer 1 3 is Onm as comparison, i.e., a ground layer, accepted it Zr 
layer 12, it came out, produced a certain thing, and measured MR ratio and coercive force (He) similarly. 
[0022] Drawing 6 is drawing showing these measurement results. When the thickness of the Cu layer 13 exceeds 3. Onm so that 
clearly from drawing 6 , it turns out that it is in the inclination which coercive force increases. Therefore, the thickness of the Cu 
layer 1 3 is understood that it is desirable that it is 3nm or less, and within the limits of 3 morenm - lnm is desirable. 
[0023] 

[Effect of the Invention] If this invention is followed, MR rate of change and a uniaxial-anisotropy magnetic field can consider as 
a low spin bulb type magnetoresistance-eflfect material of the coercive force of a magnetic field inversion layer highly. 
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